In spite of all the previous studies, the unsteady MHD free convection heat and mass transfer for a heat generation/absorption with radiation absorption in the presence of a reacting species over an infinite permeable plate has received little attention. Hence, the main objective of this chapter is to investigate the effects of thermal radiation, chemical reaction, heat source/sink parameter of an electrically conducting fluid past an infinite vertical porous plate subjected to variable suction. The plate is assumed to be embedded in a uniform porous medium and moves with a constant velocity in the flow direction in the presence of a transverse magnetic field. The governing equations are transformed into a system of nonlinear ordinary differential equations by using suitable similarity transformations. Numerical calculations are carried out using the spectral homotopy analysis method (SHAM). The SHAM is a modified version of the homotopy analysis method (HAM), (Liao, 2003) and the Chebyshev spectral collocation method (Trefethen, 2000) . The SHAM has been successfully used by (Motsa et al. 2010a,b) . One strength of the SHAM is that it removes restrictions of the HAM such as the requirement for the solution to conform to the so-called rule of solution expression and the rule of coefficient ergodicity. Also, the SHAM inherits strengths of the HAM, for example, it does not depend on the existence of a small parameter in the equation to be solved, it avoids discretization, and the solution obtained is in terms of an auxiliary parameterh which can be conveniently used to determine the convergence rate of the solution. Graphical results for the velocity, temperature and concentration profiles based on the numerical solutions are presented and discussed. We also discuss the effects of various parameters on the skin-friction coefficient and the rate of heat and mass transfer at the surface.
Mathematical formulation
We consider an unsteady two-dimensional flow of an incompressible and electrically conducting viscous fluid, along an infinite vertical permeable plate embedded in a porous medium, with thermal radiation, heat generation/absorption and chemical reaction. The x− axis is taken on the infinite plate, and parallel to the free-stream velocity which is vertical and the y− axis is taken normal to the plate. Since the motion is two dimensional and the length of the plate is large enough, all the physical variables are independent of x. A magnetic field B 0 of uniform strength is applied transversely to the direction of the flow. The transversely applied magnetic field and magnetic Reynolds number are assumed to be very small so that the induced magnetic field and the Hall effect are negligible. In this chapter assumption is also made that there is no applied voltage which implies the absence of an electric field. The plate is maintained at constant temperature T w and concentration C w , higher than the ambient temperature T ∞ and concentration C ∞ , respectively. The analysis considers a homogeneous first-order chemical reaction with constant rate k c between the diffusing species and the fluid. The fluid is assumed to have constant properties except that the influence of the density variations with temperature and concentration which are considered only in the body force term. The governing equations for the problem considered in this chapter are based on the balances of mass, linear momentum, energy and concentration species. These equations are as given below:
Mass Transfer
Momentum equation:
Energy equation:
Mass diffusion equation:
Where x, y are the dimensional distance along and perpendicular to the plate, respectively. u and v are the velocity components in the x, y directions respectively, g is the gravitational acceleration, ρ is the fluid density, β t and β c are the thermal and concentration expansion coefficients respectively, K is the Darcy permeability, b is the emperical constant, B 0 is the magnetic induction, T is the thermal temperature inside the thermal boundary layer and C is the corresponding concentration, σ is the electric conductivity, α is the thermal diffusivity, c p is the specific heat at constant pressure, D is the diffusion coefficient, q r is the heat flux, Q 0 is the dimensional heat absorption coefficient, Q * 1 is the coefficient of proportionality of the radiation and k c is the chemical reaction parameter. The boundary conditions for the velocity, temperature and concentration are:
By using the Rosseland diffusion approximation (Hossain et al. 1999 ) and following (Raptis, 1999) among other researchers, the radiative heat flux, q r is given by
where σ * and K s are the Stefan-Boltzman constant and the Roseland mean absorption coefficient, respectively. We assume that the temperature differences within the flow are sufficiently small such that T 4 may be expressed as a linear function of temperature.
Using (7) and (8) in the last term of equation (3) we obtain
In order to obtain a local similarity solution (in time) of the problem under consideration we introduce a time dependent length scale δ as A convenient solution of equation (1) in terms of this length scale is considered to be in the following form
where v 0 > 0 is the suction parameter. These non-linear partial differential equations are then transformed by a similarity transformation into a system of ordinary differential equations given as;
where primes denote differentiation with respect to η and Da = K δ 2 is the local Darcy number, νρ is the magnetic field parameter, R is the thermal radiation parameter, Gr = gβ t (T w − T ∞ )δ 2 /νU 0 is the local Grashof number, Gc = gβ c (C w − C ∞ )δ 2 /U 0 is the modified Grashof number. The corresponding boundary conditions for t > 0 are transformed to:
The resultant system of coupled and non-linear ordinary differential equations are then solved by the Spectral homotopy analysis method (SHAM). The effects of various parameters such as local Darcy number, Schmidt number, Hartmann, radiation parameter, reaction rate parameter and Grashof numbers on the velocity, temperature, concentration, skin-friction coefficient, Nusselt number and Sherwood numbers are shown in figures and tables and analyzed in detail.
Solution methods
To solve the equation system (12) - (14) we first use the Chebyshev pseudospectral method (CPM) to solve equation (14) for φ(η) and use the result in (13) to solve for θ(η) using the Chebyshev pseudospectral method again. The solutions for θ(η) and φ(η) are substituted in (12) to obtain a nonlinear equation in f (η). To solve the resulting nonlinear equation we use the spectral homotopy analysis method (SHAM) which is based on a blend of the Chebyshev pseudospectral method with the standard homotopy analysis method (HAM). Before applying the CPM and SHAM we use the domain truncation approach to approximate the domain of the problem [0, ∞) by the numerical computational domain [0, L],w h e r eL is a fixed length that is taken to be sufficiently larger than the thickness of the boundary layer. We then transform the domain [0, L] to the domain [−1, 1], on which the Chebyshev spectral method can be implemented, using the algebraic mapping
To solve (13) and (14) we use the Chebyshev pseudospectral method and approximate the unknown functions θ(ξ) and φ(ξ) as a truncated series of Chebyshev polynomials of the form
where T k is the kth Chebyshev polynomial, and ξ 0 , ξ 1 ,...,ξ N are Gauss-Lobatto collocation points (see Canuto et al. 1988 ) defined by
and N + 1 is the number of collocation points. Derivatives of the functions θ(η) and φ(η) at the collocation points are represented as
where r is the order of differentiation and D = 
Substituting equations (18) - (21) in (13) yields
subject to the boundary conditions
where
In the above definitions T stands for transpose, I denotes an identity matrix of order (N + 1) and diag denotes a diagonal matrix of size (N + 1) × (N + 1). The boundary conditions (23) are imposed on the first and last rows of the matrices C and Φ as follows 
The solution for Φ is then obtained from solving
where K 2 is the right hand side of equation (27) . Applying the Chebyshev spectral method on equation (13) to solve for θ(η) gives
The boundary conditions (30) are imposed on the first and last rows of the matrices in equation (29) as follows;
. . .
The solution for Θ is then obtained from solving
where K 1 is the right hand side of equation (34) . Once the solutions for φ(η) and θ(η) have been found using equations (28) and (34), respectively, the SHAM approach is then used to solve then nonlinear equation (27) for f (η).
In applying the SHAM, it is convenient to make the boundary conditions homogeneous by making use of the transformation
where f 0 (η) is an initial guess chosen to satisfy the boundary conditions for f (η). Substituting (35) in the governing equation (12) and the associated boundary conditions gives 
We look for an initial approximation, F 0 (η), which is the solution of the linear part of the governing equation (36) given by
subject to
The problem (40) - (41) is first transformed, using (17) , to the interval [-1,1] then solved using the Chebyshev pseudospectral method. The unknown function F 0 (ξ) is approximated as
After transforming the derivatives and substituting equations (42) in (40) - (41) we obtain
The boundary conditions (44) are imposed on the first and last rows of the matrices A and Ψ as follows
The solution for F 0 is then obtained from solving where K 0 is the right hand side of (49).
To find the SHAM solutions of (36) we begin by defining the following linear operator
where q ∈ [0, 1] is the embedding parameter, andF(η; q) is an unknown function. The zeroth order deformation equation is given by
whereh is the non-zero convergence controlling auxiliary parameter and N is a nonlinear operator given by
Differentiating (52) m times with respect to q and then setting q = 0 and finally dividing the resulting equations by m! yields the mth order deformation equations
and
Using the transformation (17) and applying the Chebyshev pseudospectral transformation on equations (54)-(56) gives
where A and Φ, are as defined in (45) and (47), respectively, and
To implement the boundary conditions (59) we delete the first and last rows of P m−1 and Ψ and delete the first and last row and column of A This results in the following recursive formula for m ≥ 1.
Thus, starting from the initial approximation, which is obtained from (50), higher order approximations F m (ξ) for m ≥ 1, can be obtained through the recursive formula (62). 
Results and discussion
In this section we give numerical results obtained by the spectral homotopy analysis method for the main parameters affecting the flow. Tables 1-6 display results for the skin friction f ′ (0), Nusselt number, −θ ′ (0) and the Sherwood number −φ(0) when different parameters are varied. Table 1 gives the values of the local skin-friction for different values of the Hartmann number M. Analysis of the tabular data shows that magnetic field strength enhances the local skin friction as highlighted with increases in the absolute values of the skin friction as M increases. Physically, this implies that the plate surface exerts a drag force on the fluid. The effect of thermal radiation on the skin friction is depicted on Table 3 . We clearly observe in this table that the absolute values of the skin friction are reduced as the thermal radiation parameter R increases. Table 4 has been prepared to show the effect of wall suction velocity on the skin friction. We observe that the magnitude of the local skin friction significantly increases with increasing values of the wall suction velocity. Table 6 depicts the effects of varying v 0 , γ and Sc on the local Sherwood number. We observe from this table that all these three parameters cause the local Sherwood number to increase. Final results are computed for the main physical parameters which are presented by means of graphs. The influence of the thermal Grashof number Gr, the magnetic field parameter M,the Darcy number Da, absorption radiation parameter Q 2 , thermal radiation parameter R,h e a t absorption Ω, and the suction parameter v 0 on the velocity profiles can be analyzed from Figs.
(a)-(g) . Fig (a) shows the influence of thermal buoyancy force parameter Gr on the velocity. As can be seen from this figure, the velocity profile increases with increases in the values of the thermal buoyancy. We actually observe that the velocity overshoot in the boundary layer region. Buoyancy force acts like a favourable pressure gradient which accelerates the fluid within the boundary layer therefore the solutal buoyancy force parameter Gm has the same effect on the velocity as Gr. From Fig (b) we observe that the effect of magnetic field is to decrease the value of velocity profile through out the boundary layer which result in the thinning of the boundary layer thickness. of increasing the value of the absorption parameter on the velocity is shown in Fig (d) . We observe in this figure that increasing the value of the absorption of the radiation parameter due to increase in the buoyancy force accelerates the flow rate. Fig (e) depicts the effect of varying thermal radiation parameter R on the flow velocity. We observe that the thermal radiation enhances convective flow. Fig (f) illustrates the influence of heat absorption coefficient Ω on the velocity. Physically, the presence of heat absorption (thermal sink) effect has the tendency in resulting in a net reduction in the flow velocity. This behaviour is seen from Fig (f) in which the velocity decreases as Ω increases. The hydrodynamic boundary layer decreases as the heat absorption effects increase. The effects of v 0 on the velocity field are shown in Fig (g) . It is clearly seen from this figure that the velocity profiles decrease monotonically with the increase of suction parameter indicating the usual fact that suction stabilizes the boundary layer growth. The influence of heat absorption, radiation absorption, thermal radiation and suction on the temperature distribution is respectively, shown on Figs (h) -(k). Fig (h ) depicts the effects of heat absorption Ω on the temperature distribution. It is observed that the boundary layer absorbs energy resulting in the temperature to fall considerably with increasing values of Ω. This is because when heat is absorbed, the buoyancy force decreases the temperature profile.
The effect of absorbtion of radiation parameter on the temperature profile is shown on Fig (i) . It is seen from this figure that the effect of absorption of radiation is to increase temperature in the boundary layer as the radiated heat is absorbed by the fluid which in turn increases the temperature of the fluid very close to the porous boundary layer and its effect diminishes far away from the boundary layer. From Fig (j) we observe that the effect of thermal radiation is to enhance heat transfer as thermal boundary layer thickness increases with increase in the thermal radiation. We observe that the effect of R is to increase the temperature distribution in the thermal boundary layer. This is because the increase of R implies increasing of radiation in the thermal boundary layer, and hence increases the values of the temperature profiles in thermal boundary layer. Lastly the effect of suction parameter v 0 on the temperature field is displayed in Fig (k) . We see that the temperature profiles decrease with increasing values of v 0 . This is because sucking decelerates fluid particles through the porous wall reducing the 
Conclusions
In this chapter, a new improved numerical technique to solve the problem of unsteady magnetohydrodynamic convective heat and mass transfer past an infinite permeable vertical plate in porous medium with thermal radiation, heat absorption and chemical reaction has been employed. The highly non-linear momentum, energy and species boundary layer equations are converted into ordinary differential equations using similarity transformations before being solved using the spectral homotopy analysis method. The effects of various physical parameters like buoyancy parameter, Hartmann number, Darcy number, suction, thermal radiation and chemical reaction on velocity, temperature and concentration profiles are obtained.
The following main conclusions can be drawn from the present chapter:
1. Wall suction stabilizes the velocity, thermal as well as concentration boundary layer growth.
2. Boundary layer flow attain minimum velocity values for large Hartmann numbers.
3. Buoyancy parameter is to increase the velocity distribution in the momentum boundary layer.
4. The presence of heat absorption effects cause reductions in the fluid temperature which resulted in decreases in the fluid velocity.
5. The concentration decreases with increasing the chemical reaction parameter.
6. Both the velocity and temperature profiles increase with increasing values of radiation absorption parameter.
These results might find wide applications in engineering, such as geothermal system, heat exchangers, and nuclear waste depositors.
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